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(Translation) 
SPECIFICATION 



7-205019 



1. TITLE OF THE INVENTION 

Outdoor member and method for forming the same 
[Claims] 

1. An outdoor member comprising a substrate, and a surface 
layer made of a photocatalyst and a hydrophilic material 
thereon. 



race 



2. An outdoor member comprising a substrate, and a surf, 
layer made of a photocatalyst and a modified silicone resin 
thereon. 

3. An outdoor member comprising a substrate, and a surface 
layer made of a photocatalyst and a resin in which a 
modified portion of a modified silicone resin is polarized. 

4. An outdoor member of either one of claim 1, claim 2, and 
claim 3, wherein the surface layer further includes silver. 

5. An outdoor member of either one of claims 1 through 4, 
wherein the outdoor member is a member for external walls. 

6. A method for forming the member claimed in either one of 
claims 3 through 5, wherein a light containing ultraviolet 
light is irradiated to the surface of the substrate after 
forming the surface layer made of a photocatalyst and a 
silicone resin. 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to an outdoor member 
difficult to be contaminated with city-type contaminants 
such as combustion products, which member includes: the one 
for external walls of sky-scraping buildings and general 
structures and buildings; the one for casings of 
automobiles, electric cars, trains, airplanes, and ships; 
the one for legs of overhead bridges, footbridges, and 
bridges; the one for outdoor members such as signboards, 
fences, markings, stacks, lighthouses, guard rails, big 
wheels, outdoor statues, outdoor sculptures, outdoor 
monuments, memorials, and oil tanks * The present invention 
also relates to a method for forming the outdoor member. 
[0002] 

[Description of the Prior Art] 

Black striped contamination appeared on external walls 
of structures and buildings comprises hydrophobic materials 
such as carbon black which is a combustion product 
(according to "Lecture bulletin of Annual Meeting of 
Architectural Institute of Japan, 1987). The carbon black 
attaches to the surface of structures and buildings, and is 
carried by water flowing down on the surface to adhere to 
the structure surface (according to Report on Structure 
System, Architectural Institute of Japan, No. 404, 1989, 10) 
Accordingly, a material having a hydrophobic surface is 
likely contaminated, and a material having a hydrophilic 
surface is difficult to be contaminated because hydrophobic 
materials such as combustion product carbon black are washed 
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off. 



Based on the findings, application „ f , hy<J 

^drngs has become . re=ent preventive measures ^ ^ 
"-nt-.in.ucn in a shape o f black vertical stripes on the 

ZZT " a11 sarface thereo£ ( " Po1 — - ^-^ »"»• 

On the other hand, a m ethod for cleaning sold 

contamination is dicsni^j • 

31««/1,« dlscl °-<> « ^Panese Patent Laid-open No. 

51646/ 1995 . According to the disclosure, a photo- 
semiconductor is supported on . Qf ^ 
expected to be contaminated by attaching organic matter in 

7 f ^"—--^-tor to decompose the organic matter 

attached to the surface of the solid. 

[0004] 

[Problems to be Solved by the Xnventicn] 

external ^ ^ ' h ™"^ -ting onto 

external walls, however, failed to sustain the 

hydrophilicit y for a long term. Th e presumable reason of 
faring to sustain the hydrophilicity is that materials such 
lower carbolic acid and surface active agent „hich have 
*anctxonal groups of both hydrophilic and hydrophobic 

coatrng as gradually hydrophobicized. 

[0005] 

^ for the method of cleaning solid contamination by 
^porting a photo-semiconductor on the surface of solid 
xs expected to be contaminated by attaching organic 
«tt.r in air, then by irradiating a light containing 
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UltraVi ° let li9ht *° «» Photo-se,»i=on d uctor to de 

the or g ani= matter to decompose 

* th. action of Ph o to . semi(:onduct : r „ h b ; oh pe ormed soleiy 

intensity of mtravioiet li ah t 7' 

therefore it is ■ ""^ " hi * * S 7 ™<"™ 2 - 

e ' 11 ls impossible to clean (•>,. , 

~l.ly by solar rays . °" S ° lld ""tarnation 



[0006] 



In this respect, an object of 
to provide an outH inve ntion is 

~ e e ziiTr: that is awe to ™< * 
*~*«~ «, b i gs rr s °* extsrnai wans ° f 

[0007, l0 " 9 Peri ° d - 

Weans to Solve the Problems] 

*> soive the above- d escribe d prob le m , the present 

hydrophxlic material thereon. 

[0008] 

=o mpr L he PreS6nt inVentlM >™"" « °« d oor raera ber 

Z ! 1 SUbStrat " 3114 * SUr *- e o f a 

photocatalvst *nri _i • ^ • 

axyst and a modified silicone resin +h 
[0009 J ln there °n- 

According to a preferred mode of th. 

-dified sili con * P ° rti ° n ° f * 

^d sHacone res ln is polarized. 

[0010] 

According to a preferred mode of ^ 
«- ^urfaoe layer further inoljl sLer/" 56 " lnVentl ° n ' 
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[0011] 

The present invention provides a method for forming a 
member comprising a substrate being provided with a surface 
layer made of a photocatalyst and a resin in which a 
modified portion of a modified silicone resin is polarized, 
wherein a light containing ultraviolet light is irradiated' 
to the surface of the substrate after forming the surface 
layer made of a photocatalyst and a silicone resin. 
[0012] 

[Best Mode of the Invention] 

The term "outdoor member" means a member or a part of 
the member which is US ed in outdoor exposed to sun rays, 
which member includes: the one for external walls of 
sky-scraping buildings and general structures and buildings; 
the one for casings of automobiles, electric cars, trains, 
airplanes, and ships; the one for legs of overhead bridges, 
footbridges, and bridges; the one for outdoor members such' 
as a signboards, fences, markings, stacks, lighthouses, 
guard rails, big wheels, outdoor statues, outdoor 

sculptures, outdoor monuments, memorials, and oil tanks. 
[0013] 

For an outdoor member, by forming a surface layer made 
of a photocatalyst and a hydrophilic material on the 
substrate, the effect of preventing contamination of black 
vertical stripes is sustained owing to the hydrophilic 
material for a long time. The effect is functioned by the 
photocatalyst and solar rays, which action is described 
below. 

Even when materials such as lower carboxylic acid and 
surface active agent which have functional groups of both 
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hydrophmc and hydrophobic properties onto 

It; T hydrophobio wti ° nai — «• °— or 

deceased by ultraviolet light cMtained ^ ^ 

^ P - the hydro P hilicity is 

result, outdoor members rej ect the adhesion of black 
vertical .trip, contamination comprisin g hydrophobic 
materials such as combustion product ^ ^ 



time . 
[0014] 



The tern, "hydrophilic material" means a ™^ • u • 

ineans a material which 
c tible r ather „ ith ^ = 

terms the material has . greater 

,at i al ia th6 Qne having a ^^^^^^ 

b n e y and dipole energy ^ ^ , 

°f that type of materia! are inor g anic oxides, resin ha.i„ g 
thereof . 



[0015] 



The term .photoc.t1y.t- means a material which forms 
iectron-pos.tive hole pair under irradiation of l ight 
Win g ener g y of forbidden band width or more, and which 

electron or positive hole. Samples of ^ phetoc 

ti ^ 1U - ^ ^e, -"le type,, 2lnc oxide, 

I 0111 '' "°* oxide, strontium oxide, 

di-bismuth trioxide. 

[0016] 

of a zr rr oor memhs,: ' by forming a ^* ^« 

a photocatalyst and a modified silicone resin on the 
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substrate, the hydrophobic functional groups of alkyl and 
the like i„ modified silicone res . n ^ ox . d . zed ^ 

decomposed by irradiation of solar rays, thus forming a 
hydrophilic surface, once formed hydrophilic surface 
sustains its hydrcphilicity even when materials such as 
lover carboxylic acid and surface active a g ent which have 
functional groups having both hydrophilic and hydrophobic 
properties adsorb because photocatalyst and ultraviolet 
Ught contained in solar rays successively oxidize or 
decompose the hydrophobic functional groups. As a result 
outdoor members reject the adhesion of black vertical stripe 
contamination comprising hydrophobic materials such as 
combustion product carbon black for a long time. 

"any of modified silicone resins have excellent 
flexibility. These flexible resins include siloxane resin, 
Silicone rubber, cross-Unked silicone resin. Kith these 
modified silicone resins, bending is possible after forming 
the surface layer made of a photocatalyst and a modified 
Silicone resin on the substrate surface. The effect cannot 
be expected for a silicone resin to which a surface layer 
-de f sillcone resin ^ photQcatslyst ^ ^ 



An outdoor member, of which substrate is covered with a 
surface layer made of a photocatalyst and a hydrophilic 
-terial, is easily prepared by, for example, forming the 
surface layer made of a photocatalyst and a modified 
spoons resin, then polar-processing the modified section 
of the modified silicone resin. 

The term "polar-processing" means a process to give 
polarity by applying hydrogen bond and the like to the 
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modified section of the modified silicone resin comprising 
hydrophobic groups. An example of that type of processing 
is the one to oxidize or decompose the modified section of 
modified silicone resin. Irradiation of light containing 
ultraviolet, ozone processing, and plasma processing are 
preferable examples of the polar-processing. 

Among these processing methods, irradiation of light 
containing ultraviolet light is most simple one because the 
presence of photocatalyst in the surface layer makes 
polar-processing readily performed within relatively short 
time even under relatively weak irradiation of ultraviolet 
light. Applicable light containing ultraviolet light 
includes solar rays, light of BLB lamp, fluorescent lamp, 
mercury lamp, xenon lamp, and halogen lamp. 
[0018] 

It is preferable to add an anti-bacterial metal such as 
silver, copper, and zinc to the surface layer because the 
preventive effect against algae, mildew, moss formation. 

in particular, addition of silver is preferable because 
the preventive effect against algae, mildew, moss formation 
is expected while remaining the performance of photocatalyst 
to sustain hydrophilicity and remaining the recovery effect. 
[0019] 

[Embodiments ] 

The present invention is described in more detail in 
the following referring to experimental examples. 
(Example 1) 

A solution of siloxane resin containing a curing agent 
was applied onto an aluminum substrate (10 cm square). The - 
substrate was treated by heat at 150 °C to prepare an 
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intermediate member P. A liquid was prepared by: adding a 
siloxane resin to a nitric acid def locculating titanium 
oxide sol having an average particle size of 0.01 * m to a 
concentration of 50 wt.% to the weight sum of the solid 
titanium oxide and the siloxane resin; diluting the mixture 
by propanol; and adding a curing agent to the mixture. Thus 
prepared liquid was applied onto the surface of the 
intermediate member P. Then the member P was treated at 
150 °C to obtain a specimen A. A BLB lamp light (0.5 mW/cm2 ) 
was irradiated against the specimen A for 10 hours to obtain 
a specimen B. Separately, a liquid was prepared by: adding 
a siloxane resin to a mixture of a nitric acid 
deflocculating titanium oxide sol having an average particle 
size of 0.01 M m and an aqueous solution of silver nitrate 
to a concentration of 50 wt.% to the weight sum of the solid 
txtanium oxide and the siloxane resin; diluting the mixture 
by propanol; and adding a curing agent to the mixture. Thus 
prepared liquid was applied onto the surface of a separate 
intermediate member P. Then the member P was treated at 
150=C, to which a BLB lajnp light (0 .5 mW/cm^ , was irradiated 
for 10 hours to obtain a specimen C. The specimens A 
through C, the aluminum substrate, and the intermediate 
member P were mounted to the specimen-holding section of a 
device shown in a Fig. 1. The device was allowed to stand 
on the rooftop of a five-storied building. Then, the change 
of attaching state of black vertical stripe contamination 
and the change of hydrophilicity were observed with time. 
The hydrophilicity was determined by the contact angle with 



water. 



9 



[0020] 

The change of attaching state of black vertical stripe 
contamination with ti me was evaluated by visual observation 
and by the color difference at various positions in the same 
specimen* 

Visual observation found vertical stripe contamination 
on the aluminum substrate and the intermediate member P 
after 1 week, though there was no vertical stripe 
contamination on the specimens A through C. On the specimen 
A, there was observed an irregular pattern contamination 
after a rain in the first day. with elapsed time, however, 
the surface of the specimen A was hydrophilicized by the 
solar ray irradiation, and succeeding rains washed off the 
irregular pattern contamination to give clean surface 
similar with that of the specimens B and C. 

After 1 week has passed, the aluminum substrate and the 
intermediate member P showed significant contamination on 
their whole surface area, resulting in the increase of color 
difference to a range of from 1 to 4 . To the contrary, the 
specimens A through C showed very little change in color 
difference after 1 week compared with original state. 

For the aluminum substrate and the intermediate member 
P after 1 week, vertical stripe contamination was observed. 
Depending on the position of observation, there observed a 
color difference of 3 on the aluminum substrate and 1.2 on 
the intermediate member P. For the specimens A through C, 
however, no vertical stripe contamination appeared, and 
their color difference was within 0.1 even when the 
observation positions were changed. 

As for the degree of hydrophilicity , the aluminum 
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substrate and the intermediate member P gave original value 
of around 60 deg. and 90 deg., 1 week respectively, and 
become to around 70 deg. abter for both of them, or became 
to hydrophobic property. For the specimens B and C, 
however, around 3 deg. of original hydrophilicity became 
less than 1 deg. after 1 week. The specimen A sowed around 
90 deg. of original hydrophilicity, and became less than 1 
deg. after 1 week. 

These findings proved that an outdoor member (the 
specimens B and C) having a substrate and a surface layer 
made of a photocatalyst and a resin in which the modified 
section of modified silicone resin was polarized thereon 
does not form vertical stripe contamination because the 
hydrophilic surface is sustained, and that an outdoor member 
(the specimen A) having a substrate and a surface layer made 
of a photocatalyst and a modified silicone resin thereon 
does not form vertical stripe contamination because the 
surface is hydrophilicized by solar rays and because the 
hydrophilic surface is sustained. 
[0021] 

The specimen B was coated with oleic acid, and was 
immersed to water in a position that the surface of the 
member becomes horizontal. The contact angle with oleic 
acid was immediately increased to form droplets, which 
droplets were then floated. For the aluminum substrate and 
the intermediate member P, however, dipping them 
horizontally facing the surface horizontal sustained the 
wetted state of oleic acid. That is, when the hydrophilic 
surface is sustained and when the member is left outdoor, 
rain and the like enters between the member surface and the 
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hydrophobic black vertical stripe contamination, thus making 
the black vertical stripe contamination difficult to adhere. 
[0022] 

The specimen B, the aluminum substrate, and the 
intermediate member P were wetted with water, and were set 
to the device shown in Fig. 1, which device was then allowed 
to stand. After 3 0 min, the specimen B was dried, and the 
aluminum substrate and the intermediate member P left water 
droplets thereon. The phenomenon should come from the 
result that the specimen B was uniformly wetted with water, 
thus the thick water film portion should be difficult to 
appear. Consequently, it was confirmed that, when the 
present invention is applied to an outdoor member, there is 
an additional advantage of quick drying of member. That 
kind of advantage is preferable in car-wash for prompt 
drying, or particularly preferable for a member of vehicle 
casing. 

[0023] 

Effect of maintaining performance of hydrophilicity and 
recovery of hydrophilicity was determined on the specimen B. 
The effect of maintaining performance of hydrophilicity was 
evaluated from the contact angle with water before and after 
the irradiation of BLB lamp light (0.5 mW/cm 2 ) for 1 month. 
Effect of recovery of hydrophilicity was determined by the 
change of contact angle with water with time by wiping the 
surface of the specimen with alcohol to increase the contact 
angle of the surface with water, then irradiating BLB lamp 
light (0.5 mW/cm 2 ) 

Both immediately after the irradiation and after 1 
month from irradiation, the contact angle with water 
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remained below 1 deg. , at a favorable angle, to prove the 
sustained effect of the hydrophilicity . 

After wiping off the surface with alcohol to increase 
the contact angle of the surface with water, BLB lamp light 
(0.5 mw/cm 2 ) was irradiated to the surface to observe the 
change of contact angle with water with time. About 1 hour 
or irradiation recovered the contact angle with water from 
30 deg. to about 1 deg. 
[0024] 
(Example 2) 

A solution of siloxane resin containing a curing agent 
was applied onto an aluminum substrate (10 cm square). The 
substrate was treated by heat at 150 °C to prepare an 
intermediate member P. 

A liquid was prepared by: adding a siloxane resin to a 
nitric acid def locculating titanium oxide sol having an 
average particle size of 0.01 p. m to a concentration of, 
separately, 5 wt.%, 10 wt . % , 50 wt.%, 80 wt.%, and 95 wt.% 
to the weight sum of the solid titanium oxide and the 
siloxane resin; diluting each mixture by propanol; and 
adding a curing agent to each mixture. Thus prepared each 
liquid was applied onto the surface of separate intermediate 
member P. Then each member P was treated at 150 °C to obtain 
a specimen Q. 

A BLB lamp light (0.5mW/cm 2 ) was irradiated against the 
specimen Q for a specified period to obtain a specimen. The 
water absorption rate of the specimen was less than 1%. 

For the specimen and the intermediate member Q, the 
relation between the lamp irradiation time and the degree of 
hydrophilicity, the abrasion resistance, and the surface 
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hardness were determined. 
[0025] 

Fig. 2 shows the relation between the lamp irradiation 
time and the degree of hydrophilicity under a condition of 
changed ratio of solid titanium oxide in the surface layer 
to the weight sum of the solid titanium oxide and the 
siloxane resin. The degree of hydrophilicity was evaluated 
by the contact angle with water. 

The intermediate member Q did not show any change in 
contact angle with water. For all the specimens with the 
rate of additional 20 wt.%, 50 wt.%, 90 wt.%, and 95 wt . % , 
however, the contact angle with water decreased to about 3 
deg. after 20 0 hr of irradiation. Also for the specimen 
with 5 wt.% content, the contact angle with water decreased 
to about 10 deg. within 2 00 hr of irradiation. It was 
proved that the specimens have favorable hydrophilicity. 
[0026] 

Fig. 3 shows the evaluation result on abrasion 
resistance. A rubbing abrasion was given to the surface of 
each specimen using a plastics eraser, then the change of 
appearance was observed. The criterion of the evaluation on 
the anti-abrasion characteristic is given below. 
®: No change occurred after 40 cycles of traverse. 
O : Flaw appeared and the surface layer was separated after 

traversing cycles of 10 or more and less than 40. 
A : Flaw appeared and the surface layer was separated after 
traversing cycles of 5 or more and less than 10. 
X : Flaw appeared and the surface layer was separated after 
less than 5 cycles of traverse. 
The result was that, at or less than 95 wt.% of the 
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ratio of the solid titanium oxide in the surface layer to 
the weight sum of the solid titanium oxide and the siloxane 
resin, the evaluation was ( O ) , and that the ratio is at or 
less than 9 0 wt.%, the evaluation was (@). 
[0027] 

Fig. 4 shows the result of surface hardness 
determination. The evaluation of surface hardness was given 
by the hardness of pencil to generate flaw under scratch of 
pencils ranging from 6B to 9H in their core hardness. The 
hardness was about 5B for 90 wt.% of the ratio of the solid 
titanium oxide in the surface layer to the weight sum of the 
solid titanium oxide and the siloxane resin, and the 
hardness increased to H for 6 0 wt.% of the ratio to give a 
significant high hardness. 
[ 0028 ] 

[Effect of the Invention] 

An outdoor member prevents the generation of black 
vertical stripe contamination on external wall surface of 
structures and buildings for a long time by forming a 
surface layer made of a photocatalyst and a hydrophilic 
material onto the substrate. 

[Brief Description of the Drawings] 
[Fig. 1] 

Fig. 1 illustrates an outdoor test device used in an 
example of the present invention. 
[Fig. 2] 

Fig. 2 shows the relation between the irradiation time 
of lamp light and the degree of hydrophilicization in an 
example of the present invention. 
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[Fig. 3] 

Fig, 3 shows the relation between the amount of 
titanium oxide in the surface layer and the abrasion 
resistance in an example of the present invention, 
[Fig, 4] 

Fig. 4 shows the relation between the amount of 
titanium oxide in the surface layer and the surface hardness 
in an example of the present invention. 
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Abstract 

[Object] 

To provide an outdoor member to prevent generation 
black vertical stripe contamination on external walls of 
structures and buildings for a long period. 

[Conformation] 

An outdoor member comprises a substrate, and a surf 
layer made of a photocatalyst and a hydrophilic material 
thereon. 



[Selected Drawing] 
None 



